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We are no more in th(dh century: systematics do matter! i@é’t

Next generation londpaseline experiments (DUNHyperK ESSnugEBonceived for precision-oscillation measurements:
A test the 3neutrino paradigm; ' _
A determine the mass hierarchy; [ U Lo & ¢B ]

A test CP asymmetry in the lepton sector; t '
Very good knowledge needed!

Moreover’ -interaction models would benefit from improved precision on cfesstions measurements

. 4 ~
ENUBET impact gn The purpose of ENUBEdesign a narrovband neutrino beam to measure

| ‘ A neutrino crosssection and flavor composition 86 precision level;

(o))
o

A neutrino energy ail0% precision level;
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Fromthe EuropeanStrategyfor ParticlePhysicDeliberationdocument

20 ’ L i " EnBeT s ) | |
71 = Cete To extractthe most physicsfromDUNEand HyperKamiokandea complementary
Sl programmeof experimentationto determineneutrino crosssectionsand fluxesis

/ required Several experiments aimed at determining neutrino fluxes exist
ot ST Y worldwide. The possibleimplementation and impact of a facility to measure

E, (GeV) neutrino crosssectionsat the percentlevelshouldcontinueto be studied
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Monitored neutrino beams®

[ How do we achieve such a precision on the neutrino esession, flavor composition and energy?

Proton

3 absorber T 'A’ AR
protons ERRERRT AR |
\ 2 - \7-\ .\\\\ N ] J|‘ ‘I ]
Short, narrow band A AN AL

focusing and transfer line

K+

. Hadron dump

5 NEW! 201920) muon identification and § NEW! 201920) muon monitoring at single
Q® monitoring for <§" particle level replacing the hadron dump with
L K*- min, %QQ a real rangemeter
p*- nrn,

(*) A Longhin L LudoviciF TerranovaEPX75 (2015 155

oMonitored neutrino beams are beams where diagnostic can directly measure the flux of neutrinos because the
experimenteramonitor the productionof the lepton associatedvith the neutrino at the singlepatrticlelevel a(Wikipedia)



A bit of history “Pu

x First idea presented at Nuféfd14 (Aug20-25, 2014, Glasgow, UK)

x ENUBET: ERC Consolidator Grant, June@By 2021 (COVID: extended to end 2022). AloAghin
x Since Apri2019 CERN Neutrino Platform ExperimemMiFO6/ENUBET, and part of Physics Beyond Colliderg;

TheENUBET Collaboratiof5 physicists & 3 institutions; Spokespersons: Bonghin F. Terranova; Technical CoordinatoitMéscagna

(" Visit our webpage for further info and
materiall
https://www.pd.infn.it/eng/enubet/
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. ,
x ERC project focused on
measure positrons (instrumented decay tunnel) from determination of'  flux;

x As CERN NIB project:
extend measure to muons (instrumented decay tunnel) fiom and (replacing hadron dump with range metér)
determination of  flux; measure the neutrino energy a priori using timerrow band off axis technique 4

Main systematics contributions are bypassekadron production, beamline geometry & focusing, POT,;


https://www.pd.infn.it/eng/enubet/

extracted intensity [p*/s]

The2020breakthrough: a highntensity hornless neutrino beam ‘j@gt

When we first proposed ENUBET, we were aiming at a beam where the leptons in the decay tunnel a
produced aslow ratebecause we were afraid of pilg and saturation of the instrumentation in the tunnel

Original designa horn pulsed ever¥00mswith a10 mspulse fburst proton extractio)

Burst-mode slow extraction in SPS
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- Continuous spill

| —— Burst extracted spill

Ay

First demonstrationof this proton extraction
schemen 2018at CERPEPS

M. Pari M. A Fraser et al, IPAQL9

2020 design (cstatic focusing systeng): a neutrino beam without a horn, where focusingat 8.5 GeV/cis

accomplishedy quadrupoleqlike, e.g., NuTeWout at muchlower energy!)

Thedesignwas so successfuthat it achieveda flux that is just 2 times smallerthan the correspondinghorn-
baseddesign but protonsare extractedin 2 seconds!Ratesreducedby more than one order of magnitude!


https://doi.org/10.18429/JACoW-IPAC2019-WEPMP035

The ENUBET beamline

Transfer Line Tagger (decay tunnel)

normal conducting magnets; A length of40m;

quadrupoles + 2 dipoles A radius ofl m;
(1.8 T, total bending of 148

short to minimize early K decays;

small beam size;

primaty protons

Large bending angle df4.8:
A Dbetter collimated beam + reduced muons background + reducdtbm early decays;

Transfer Line;

tungsten foil downstream targeto suppress positron background;
tungsten alloyabsorber @ tagger entranc® suppress backgrounds;

To To To To o

Dumps:
A Proton dump three cylindrical layers (graphite core aluminum layer> iron layer);

K* XY at Tunnel Entrance

00000
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~1000|—

Rates @ Tunnel entrance
for 400GeV POT

“ pm /POT 0 pm /POT
4.13 0.34

.t

x p@XW.r.t. previous results

optics optimization WTRANSPOR%% momentum bite centered @.5GeV)G4Beamlinefor particle transport and interactions;
FLUKAor irradiation studiesabsorbers and rockolumes included in simulation (not shown above);
optimized graphite target70cm long &3 cm radius (dedicated studies, scan geometry and different materials);

(" Full facility implemented in GEB4: )
A Controll over all paramaters;
A Access to the paricles histories;

\_ assessment of the nu flux systematigs

A Hadron dump same structure of the proton dumyz allows to reduce backscattering flux in tunner;



ENUBET asdanigh-energy (1-3 GeV) monitored neutrino beam

N
A totaly statistics ofp Ttevents irx gyears
A with® gp 1 POT/year;
/ etector @50 m from tunnel end;
J

n,,CCspectra

ENUBET @ SPS, 400 GeV, 4.5e19 pot, 500 ton detector
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A dow-energ)e (<1 GeV) monitored neutrino beam Py

Multi-momentumbeamline@ CERN .
A CERMNasedbeamlinewith multiple runsat 4,6,8 o N M
GeV/csecondarymomenta increasethe statistics plcene W ,’
In the region of interest of HyperK n_, from pion

. hoceptance Stagé

I 1<t Target W

dec_ay_(hlgh statistics), ne from kaon decay (low \ ’- M
statistics) @ - B

A monitored neutrino beam

53.1-4 o 0.4 TOTAL | ]
at ES ngSSHU SB T12 $035 l F. '],'i"' .-.-.-1-:_-;...._::‘!_
='i=: 1 E: 0.3 { H [
Addressspecificallythe regionbelow 1 Gevfufo.a ?25
A n_from piondecay(p - mn,) 8" .
A n, from decayin flight of muons 3" 50 o
P- Mny,-  €n,yNe Ny, 12(99"1

Can we build a monitored neutrino beam (without relying on kaons) at the European Spallation Source
LetQ call tMNB@ES$ut wehave tofind a cooler namd )



Opportunities at the ESS €ho

7 &t

Constructionphaseof ESSnuSB
A Ahighpowerlinacwith 3 msproton pulsesat 2 GeV Maxintensity4 MW: neededintensity for crosssection
measurement(500kW)
A The ESSnuSBear detector and/or dedicatedmoderate mass(500t) detectors Top priority : water target.
Additionalopportunity: the NUSTORMetector More aggressiveption: liquid deuteronor hydrogen(!)
A Atransferline that operateswhenthe accumulatoris under construction
In ESSnuSBwe want to focus on the construction phase!

Operationphaseof ESSnuSB
A high power linac with 3 ms proton pulsesat 2 GeV+ the accumulator MNB@ESSannotoperate with a ns
beamandwe do not wantto employthe accumulator
A Theaccumulatorcanbe usedasatransferline for the linacbunchesdevotedto MNB@ESS
A More aggressivewe can use the accumulatoras a debuncherto have a long (enubetlike) extraction
andfurther reducepile up (at the expense®f cosmicbackground)
In ESSnuSBwe can assess this option only once the previous job is done



TheWork Packages of ESSnuSB i@é’t

Participants Unimib (Milano, Italy), INFN(Padova]jtaly), RBI(Zagreb Croatia) NCSRI[DAthens,Greece) AUTH
(ThessalonikiGreece)
Externalsupport: from the ENUBET ollaborationon the re-optimizationof the horn-lessbeamline

Q Synergywith other WPs

- WP3: Target station
[target, transfer line]

O O - WP4: Low energgiustorm

[target area, detector]
Q WP5: Detector and physics performance
[use of cross section, near detector]
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